We report here that human esophageal keratinocyte stem cells are characterized by the expression of the lowaffinity neurotrophin receptor p75
Introduction
A self-renewing and/or self-maintaining stem cell lineage is crucial for homeostasis of different regenerative epithelia. Stem cells have been identified in vivo in normal regenerative epithelia as a minor subpopulation of quiescent or slow-cycling cells (Miller et al., 1997) . Such stem cells are thought to have a self-renewing potential in response to wounding and other hyperproliferative stimuli. However, the mechanisms of stem cell regulation are poorly understood because of the difficulty of isolating and manipulating stem cells in vitro.
A highly clonogenic keratinocyte subset, which is distinct from transit amplifying keratinocytes (TA) and differentiated keratinocytes, has been characterized in vitro (Jones and Watt, 1993; Jones et al., 1995) . These keratinocyte subsets can be partly distinguished by their differential expression of cell adhesion molecules, such as b4, b1 and a6 integrins (Jones and Watt, 1993; Jones et al., 1995; Yasumoto et al., 1996; Kunimura et al., 1998; Li et al., 1998; Kaur and Li, 2000) . Cell surface receptor molecules are particularly useful for isolating and maintaining specific cell subsets in vitro for investigational studies (Kaur and Li, 2000) . However, reliance on cell adhesion molecules alone is inadequate for the purification of stem cell candidates, because almost all basal keratinocytes express, to varying degrees, these molecules which are essential for many different biological processes (Peltonen et al., 1989; Carter et al., 1990; Dowling et al., 1996; Hodivala-Dilke et al., 1998; Tani et al., 2000) . Kaur and colleagues have identified and enriched putative stem cells from epidermal keratinocytes (Peltonen et al., 1989; Li et al., 1998) . The cells with a6 integrin bright /10G7 dim markers, fractionated by using fluorescence-activated cell sorting (FACS), were found to consist of a minor (approximately 10% of the basal cells), relatively quiescent population. The isolated stem cell candidate had an extensive total proliferative output in long-term culture, pointing to its in vitro reproductive potential (Li et al., 1998; Kaur and Li, 2000) .
Our previous studies have also identified a phenotypically similar minor cell subset that expresses p75 NTR and is slow-cycling in vivo in various regenerative epithelia (Kunimura et al., 1998, our unpublished observations) . Like the a6 integrin bright /10G7 dim epidermal keratinocytes, the p75 NTR -expressing cell subset isolated from the uterine cervix proliferates abundantly and is crucial for both the longevity of the keratinocyte population and neoplastic transformation in vitro (Yasumoto et al., unpublished observations) . Because of the importance of stem cell markers, using human esophageal keratinocytes, we further investigated the fate of cells with the p75 NTR -positive phenotype to determine whether this subset is critical for the selfrenewing stem cell lineage.
We describe here the identification and isolation of esophageal keratinocyte stem cells, using methods based on the expression of the proposed stem cell markers p75 NTR , b4 integrin and b1 integrin (Peltonen et al., 1989; Jones and Watt, 1993; Jones et al., 1995; Kunimura et al., 1998; Li et al., 1998; Watt, 1998) . The results show that the purified p75 NTR -positive cells possess several phenotypic traits characteristic of selfrenewing stem cells. Specifically, they proliferate abundantly, reconstitute all distinguishable keratinocyte subpopulations, and retain the phenotypes of slowcycling and relatively immature cells in vitro. Most notably, the number of p75 NTR -positive cells increased several-fold in parallel with population size increase, implying that they are capable of self-amplification under these defined culture conditions. These findings will enable us to analyse prospectively stem cell regulation that may be associated with mechanisms of tissue renewal, wound healing, and carcinogenesis in different regenerative human epithelia.
Results

p75
NTR distinguishes a minor keratinocyte subset of human esophageal squamous epithelial cells Based on our previous study of a possible stem cell marker for different human epithelial cells (Yasumoto et al., 1996; Kunimura et al., 1998) , we have explored the fate of a specific cell subset that expresses p75 NTR at the basal layer of the human esophagus. The rationale for this study was the close association of p75 NTR expression with the development of neoplasia in several different human epithelia (Yasumoto et al., unpublished observations) . As shown previously using human uterine cervical epithelia (Kunimura et al., 1998) , flow cytometric analysis of cultured keratinocytes prepared from esophageal epithelium consistently identified several distinct cell subsets that differentially expressed p75 NTR , b1 integrin and b4 integrin (Figure 1 ). The p75 NTR -expressing cells were detected as a minor cell subset, and several distinct keratinocyte subsets could be identified by their differential expression of p75 NTR , b1 integrin and b4 integrin. These subsets were distinguished as follows: (a) a minor subpopulation (3-5%) coexpressing p75 NTR and relatively low levels of b1
, b4 integrin and relatively high levels of b1 integrin (p75 NTR þ /Int. b1 þ þ /Int. b4 þ ); (c) a somewhat larger subpopulation (B10%) that coexpresses b4 integrin and b1 integrin at high levels (p75
; (e) a predominant subpopulation (30-40%) that also only expresses b1 integrin but at relatively low levels (p75 NTR À/Int. b1 þ /Int. b4À); and (f) a minor subpopulation (2-10%) positive for none of these surface markers (Table 1) . In order to further investigate (Figure 2a) , as described previously (Kunimura et al., 1998) . Western blot analysis and RT-PCR for p75 NTR confirmed its expression at both protein and mRNA levels in the purified fraction ( Figure 2b) . Consequently, the p75 NTR -negative cells were fractionated into b1 integrin bright and b1 integrin dim cells by a method based on their differential affinity to collagen IV. The keratinocyte subset that adhered rapidly to collagen IV was confirmed to consist of cells with higher levels of b1 integrin than the slowly adhering cells (Figure 2c ). By using the fractionation method described above, the following three subsets could be distinguished: NTR as a marker for human esophageal keratinocyte stem cells Table 1 ).
NTR positivity characterizes the phenotype of a relatively immature keratinocyte subset in vitro
The fractionated cells were morphologically distinguishable after seeding into collagen IV-coated dishes ( Figure 3a ). These cell subsets appeared to reflect the differentiation state of the keratinocytes as shown by Western blot quantification of involucrin and cytokeratin 13 (CK13), which are specific for differentiated keratinocytes ( Figure 3b ). These differentiation-associated proteins were least expressed in the purified N þ fraction. Although the level of involucrin could not distinguish between subsets N þ and N
þ subset ought to be in the most advanced state of differentiation. These results strongly suggested that the phenotype associated with high expression of b1 integrin can be correlated with that of more differentiated keratinocytes. 
Although p75
NTR positivity was closely associated with the slowest cycling phenotype, the N þ subset possessed the greatest proliferative activity in vitro (Figure 4a ). To explain this apparent paradox, we compared the fate of purified N þ cells with that of the p75 NTR -negative cell subsets in vitro. The number of cycling cells (S/G2/M) was assessed by flow cytometry for the growing keratinocyte populations derived from these three subsets ( Figure 4b ). The results clearly demonstrated that the N þ subset, which had the slowest cycling status at the time of isolation, subsequently gave rise to the most actively proliferating keratinocyte population, whereas proliferation of the other fractions continuously NTR as a marker for human esophageal keratinocyte stem cells T Okumura et al decreased over time in culture. These results are reproducibly reflected in the overall proliferative activity as shown in the growth curve (refer to Figure 4a ). This analysis at least partly resolves the problem of why the slow-cycling N þ subset possesses the greatest proliferative potential in vitro.
Long-term cultivation of the p75 NTR -positive cell subset
were cultured long-term under conditions defined for normal human keratinocytes. When the cells reached confluence, they were serially passaged by splitting 1 : 10 until they were unable to be further subcultured. As summarized in Figure 4c , the proliferative activity of all these cell subsets declined with time. However, the N þ cells gave rise to the greatest proliferative output, whereby 4 Â 10 4 purified N þ keratinocytes produced approximately 1 Â 10 11 cells in total ( Figure 4C, a) . In contrast, all the other cell subsets had shorter life spans ( Figure 4C NTR double positives, we further determined whether the p75 NTR -positive cells could be amplified in parallel with the growth of the population. To do so, the same number of purified N þ cells were seeded in three culture dishes of different sizes and allowed to proliferate until they reached confluence ( Figure 6B ). The number of N þ cells was measured by flow cytometry and it was found that the N þ subset amplified several-fold during population expansion ( Figure 6B ). These results are consistent with the observations on cell fate found by vital staining of purified N þ keratinocytes with DiI in which the number of N þ cells increased in parallel with the degree of growth in the culture (see Figure 6A, g ).
Discussion
Despite a number of descriptions of the characteristics of stem cells in regenerative epithelia including those of the skin, oral cavity, uterine cervix or digestive tract, putative keratinocyte stem cells are usually found to be unipotent in vivo and only give rise to terminally differentiated squamous keratinocytes under normal conditions (Miller et al., 1997) . According to recent progress on tissue-type stem cells, pluripotency is a useful characteristic for the identification of stemness in vitro. Unlike such well-known systems as bone-marrowderived stem cells (Krause et al., 2001) , neuronal stem cells (Price and Williams, 2001) , hair follicular stem cells (Taylor et al., 2000; Lako et al., 2002) or muscle satellite stem cells (Asakura et al., 2001) , identification of candidate stem cells in many regenerative epithelia is hampered by the lack of clear evidence for such potency in vitro. However, keratinocyte stem cells may possibly NTR as a marker for human esophageal keratinocyte stem cells T Okumura et al possess strong regenerative capacity, the ability to selfrenew, and are long-lived in vivo as has been clearly demonstrated for other epithelial stem cells such as intestinal epithelia (Marshman et al., 2002; Potten et al., 2002) . This implicates a hierarchical stemness in the candidate stem cells. These cell properties are important for elucidating homeostatic mechanisms of regenerative epithelia, and are thus relevant for satisfying stemness attributes in vitro as well.
In an attempt to isolate and characterize keratinocyte stem cells, the identification of suitable molecular markers, such as cell surface antigens, may be crucial for manipulating cells in vitro as well as for understanding mechanisms of stem cell regulation. Cell adhesion molecules, such as b1 integrin, b4 integrin or a6 integrin, have been used for isolating putative epidermal keratinocyte stem cells (Peltonen et al., 1989; Jones and Watt, 1993; Jones et al., 1995; Li et al., 1998) . We have also identified a minor cell subset that expresses p75 NTR , a low-affinity receptor for neurotrophins, in various human epithelia other than neuronal cells (Kunimura et al., 1998) . The p75 NTR -positive cells exhibited strong regenerative potential and long-term self-maintenance in vitro and are thus likely to be stem cell candidates in the uterine cervix (Yasumoto et al., unpublished results) . The use of molecular markers, such as b1 integrin, b4 integrin or p75 NTR , for isolating stem cell candidates, makes it important to understand whether there is cross-reactivity among these Figure 7 Schematic diagrams of the esophageal keratinocyte stem cell system. Hierarchical structure of the keratinocyte differentiation lineage comprising several distinguishable cell subsets that differentially express cell surface receptor molecules. S 1 : Selfamplifying stem cell; S 2 : quiescent stem cells; S 3 : stem cell undergoing asymmetric cell division and giving rise to a TA cell and a stem cell; TA: transit amplifying cells; TD: terminally differentiated cells. P75 NTR positivity is recognized as a marker for the keratinocyte stem cells that are capable of self-amplifying and repopulating other distinct keratinocyte subsets in vitro p75 NTR as a marker for human esophageal keratinocyte stem cells T Okumura et al markers. Our results demonstrate that no 'cross-talk' occurs. Specifically, combinations of these marker molecules distinguish several cell subsets in both cultured keratinocytes of the esophagus as well as of the uterine cervix (Kunimura et al., 1998 ) (see Table 1 ).
Our present studies have demonstrated that p75 NTR positivity could function as a marker for esophageal keratinocyte stem cells. However, this fraction still contains two distinct subsets as defined by the differential expression of b1 integrin, namely, b1 integrin bright and b1 integrin dim (see Table 1 , subsets a and b). Which of these two subsets is the actual progenitor cell cannot be stated with certainty, since the selection method is dependent upon coexpression of p75 NTR and b1 integrin. Nevertheless, the p75 NTR -positive cells (Int. b1 dim ) in the fraction depleted of b1 integrin bright cells from uterine cervix keratinocytes exhibit stem cell characteristics such as a superior proliferative activity, longevity, and selfmaintenance (Yasumoto et al., unpublished results) . Therefore, the p75 NTR þ /Int. b1 þ þ cells among the esophageal keratinocytes are probably not the source of additional subsets responsible for the superior proliferative activity due to the p75 NTR þ /Int. b1 þ cells (see Figure 4a ). These results lead us to propose that the p75 NTR þ /Int. b1 þ cell is likely to be an upstream progenitor of several distinct keratinocyte subsets. This hypothesis is also consistent with the different localization of p75 NTR and b1 integrin in vivo (Kunimura et al., 1998; Seery and Watt, 2000; Seery, 2002 , and our unpublished data). However, the precise connections between the molecular functions of p75 NTR and b1 integrin, and stemness of the keratinocyte subset remain to be determined.
The p75 NTR molecule is the low-affinity neurotrophin receptor which is a member of the TNF receptor superfamily (Rodriguez-Tebar et al., 1992) , and its function is to mediate cell survival, apoptosis or intercellular signaling in neuronal tissues (Smith et al., 1994; Dechant and Barde, 1997) . However, its function in epithelial keratinocytes has not yet been elucidated. Nerve growth factor (NGF) is synthesized and released by human keratinocytes and also by epidermal fibroblasts (Pincelli and Marconi, 2000; Micera et al., 2001) . Based on the previous study that both the p75 NTR and the high-affinity NGF receptor (trk) are involved in catagen-anagen control of hair follicle keratinocytes (Botchkarev et al., 2000) , it is possible that p75 NTR are also involved in cell fate control for epithelial keratinocyte stem cells through cell-cell interactions including epithelial-mesenchymal interactions.
We have shown that p75 NTR positivity alone can be used for encompassing stemness in a very few subsets. Flow cytometric analysis revealed that the purified p75 NTR -positive subset represented cells cycling relatively slowly at the time of isolation from the cultured keratinocytes, as well as in vivo. When they were isolated and re-seeded into fresh cultures, they rapidly produced actively proliferating b1 integrin bright cells that gave rise to all distinguishable keratinocyte subsets (Figure 7 ). This property was only found in the p75 NTR -positive cell subsets. These results also support the notion that p75 NTR positivity is closely associated with a progenitor subset in a hierarchical lineage of keratinocyte differentiation. Because b1 integrin is a member of a family of transmembrane cell surface glycoproteins intimately concerned with cell migration as well as cell proliferation, it is possible that a functional relationship between p75 NTR and b1 integrin may be necessary for maintaining stemness by controlling growth (quiescence or proliferation) in the microenvironment. The long-term observation of fractionated epithelial cell subsets revealed that p75 NTR -bearing cells give rise to the greatest increase of cell numbers in the keratinocyte population. However, their growth rate gradually decreased and they ceased to grow after several passages, consistent with our findings in long-term cultured p75 NTR -positive keratinocytes from uterine cervix. The p75 NTR -expressing cell subset proliferates abundantly and then undergoes replicative senescence with shortened telomeres and upregulation of senescence-associated proteins (Yasumoto et al., unpublished results). Further investigations on the biology of stem cell senescence are expected to provide a new basis for understanding esophageal carcinogenesis.
Asymmetric cell division is an intrinsic capacity of self-renewal that gives rise to both a self-maintaining stem cell lineage as well as a differentiating daughter cell (Potten and Morris, 1988; Hall and Watt, 1989; Morrison et al., 1997) . We have shown two lines of evidence that implicate asymmetric cell division in the cells studied here. Firstly, the longevity of the keratinocyte population was assured by the presence of the p75 NTR -positive cell subset in the growing keratinocyte population that differentiating keratinocytes were constantly lost from the system, while the p75 (Kunimura et al., 1998; Seery and Watt, 2000; and our unpublished data) .
It is also intriguing to examine pluripotency or plasticity of the epithelial stem cells, as has been suggested previously (Al-Barwari and Potten, 1976; Reynolds and Jahoda, 1992) and demonstrated recently for those that reside in hair follicles (Taylor et al., 2000; Lako et al., 2002) . Further studies of the pluripotential nature of such cells would shed light on pathological aspects of esophageal metaplastic lesions, such as Barrett's esophagus.
In conclusion, our present study will facilitate more precise investigations on stem cell biology, which will improve our understanding of the genetic events critical for epithelial growth, differentiation, wound healing, NTR as a marker for human esophageal keratinocyte stem cells T Okumura et al and the initiation and progression of esophageal neoplasia.
Materials and methods
Preparation of normal human epithelial cells
Primary normal human esophageal keratinocytes (NEK) were prepared from the normal part of the esophagus that had been surgically removed from patients with esophageal cancer. Informed consent was obtained from all patients. Esophageal tissue specimens were incubated overnight in 1 ml Dispase (Gibco-BRL Inc., Grand Island, NY, USA) at 41C. The detached epithelium was minced into small pieces and incubated in Ca 2 þ , Mg 2 þ -free PBS (PBSÀ) containing 0.1% trypsin-0.01% EDTA at 371C for 5 min. The dissociated cells were collected and treated with PBSÀ containing trypsin inhibitor solution (Sigma, St Louis, MO, USA). The isolated cells were seeded into 10 cm collagen IV-coated culture dishes (Iwaki Inc., Tokyo, Japan) and cultured in keratinocyte-SFM (Gibco-BRL Inc., Grand Island, NY, USA) in a humidified 5% CO 2 atmosphere at 371C. Either pre-or newly confluent second-passage cultures were used for all experiments. NCE16N þ is an HPV16-immortalized cell line of ectocervical epithelial cell origin strongly expressing p75 NTR . The characteristics of this cell line have been described previously (Ohta et al., 1997; Kunimura et al., 1998) .
Antibodies
The following mouse monoclonal antibodies (mAbs) were used: anti-b1 integrin (clone DE9, Upstate Biotechnology Inc., Lake Placid, NY, USA), anti-b4 integrin (MAB1964, Chemicon Inc., Temecula, CA, USA), anti-p75 NTR extracellular domain (clone NGFR5, DAKO A/S, Denmark), anti-keratin 13 (clone 2D7, Uden, The Netherlands), anti-involucrin (clone SY5, Sigma Inc., St Louis, MO, USA), anti-b actin (clone AC-15, Sigma Inc., St Louis, MO, USA). Rabbit polyclonal antibodies (pAbs) were also used: anti-p75 NTR (G323A, Promega Inc., Madison, WI, USA), anti-b1 integrin (AB1952, Chemicon Inc., Temecula, CA, USA). A rat mAb was also used: anti-b4 integrin (clone 439-9B, BD PharMingen Inc., San Diego, CA, USA). Secondary antibodies used were FITC-conjugated goat anti-mouse immunoglobulin G (IgG) (Becton Dickinson Inc., San Jose, CA, USA), FITC-conjugated goat anti-rat IgG (Immunotech Inc., Marseille, France), phycoerythrin (PE)-conjugated goat anti-mouse IgG (Immunotech Inc., Marseille, France).
Flow cytometry
Adherent cells were trypsinized, washed once in cold PBS, and approximately 2 Â 10 5 viable cells were resuspended in 50 ml of PBS with 0.02% sodium azide and 0.5% BSA (staining buffer). For single staining before FACS analysis (Becton Dickinson Inc., San Jose, CA), cells were incubated with 1 mg/ml of mouse anti-p75 NTR (clone NGFR5) or anti-b4 integrin or anti-b1 integrin mAbs. After washing with staining buffer, cells were resuspended in 50 ml of staining buffer and incubated with 1 mg/ml of FITC-conjugated goat anti-mouse IgG. For double staining, cells were incubated with 1 mg/ml of either (mouse anti-p75 NTR mAb þ rabbit anti-b1 integrin pAb), (mouse antip75 NTR mAb þ rat anti-b4 integrin pAb), or (mouse anti-b1 integrin mAb þ rat anti-b4 integrin pAb). The secondary antibodies were 1 mg/ml of FITC-conjugated goat anti-rat IgG þ PE-conjugated goat anti-mouse IgG in combination.
Both primary and secondary staining reactions were carried out for 15 min at room temperature. Nonspecific isotypematched antibodies were used as controls. Results were analysed using Consort 30 software (Becton Dickinson Inc., San Jose, CA, USA).
Cell fractionation
Antibody-conjugated magnetic bead method The p75 NTR -positive and -negative cells were separated using anti-mouse IgGconjugated magnetic beads (Dynabeads M450, Dynal A.S. Co., Oslo, Norway) that had been incubated with saturating concentrations of mouse anti-p75 NTR mAb at 41C for 2 h, then washed three times with PBS (À). Monolayers of cultured, second-passage NEK cells were trypsinized, washed, and resuspended at a concentration of 1.0 Â 10 7 /ml in PBS with 0.1% BSA for mixing with anti-p75 NTR mAb-conjugated Dynabeads at a ratio of four particles per cell. The mixture was incubated at 41C for 60 min with gentle agitation. Cells bound to Dynabeads (p75 NTR -positive cells) were separated under a magnetic field using Dynal MPC-M (Dynal A.S. Co., Oslo, Norway). Cells were seeded into collagen IV-coated culture dishes (Iwaki Glass Co., Tokyo, Japan), and then used for the different assays.
Differential substratum affinity method Keratinocytes were seeded onto type IV collagen dishes, and cells adhering within 20 min were recovered (rapidly adhering subset), essentially as described previously (Jones and Watt, 1993; Yasumto et al., 1996) .
Western blot analysis
Cells harvested at a concentration of 5 Â 10 6 /ml were treated with lysis buffer (10 mm Tris-HCl, 1% SDS, pH 8.8). The protein concentration in the centrifuged extracts was estimated using the Bio-Rad Protein assay (Bio-Rad Laboratories Inc., Hercules, CA, USA). After boiling for 2 min, lanes were loaded with extract, using a total protein concentration of 0.3 mg for the detection of involucrin, 1.0 mg for keratin 13 and b actin, and 20 mg for p75 NTR . After electrophoresis through either 6% or 8% polyacrylamide gels, proteins were transferred electrophoretically to PVDF membranes (Millipore Corp., Bedford, MA, USA). Membranes were blocked with 2% skim milk in 0.1% Tween-20 in TBS before incubation with primary antibody (diluted 1 : 100 for keratin 13, 1 : 1000 for others). Rabbit pAb (G3323, Promega) was used as the first antibody against p75 NTR -intracellular domain, and then treated with the corresponding peroxidase-linked secondary Ab (diluted 1 : 1000). The Final detection of specific proteins was carried out by using enhanced-chemiluminescence (ECL) reagents (Amersham Biosciences Corp., Piscataway, NJ, USA) and visualized on X-ray film.
RT-PCR
Total RNA was extracted from cells using SV Total RNA Isolation System (Promega Inc., Madison, WI, USA) according to the manufacturer's instructions. cDNA was synthesized from 1 mg total RNA using SuperScript II reverse transcriptase (Invitrogen Inc., Carlsbad, CA, USA). The cDNA samples were amplified in a DNA thermal cycler (PE Applied Biosystems, Foster City, CA) for 30 cycles (30-s denaturation at 941C, 1-min annealing at 541C, and 1-min elongation at 721C) with Ex Taq enzyme (TaKaRa Inc., Kyoto, Japan). The primer sequences were as follows: p75 NTR forward primer: TGAGTGCTGCAAAGCCTGCAA; p75 NTR reverse primer: TCTCATCCTGGTAGTAGCCGT; G3PDH forward primer: p75 NTR as a marker for human esophageal keratinocyte stem cells T Okumura et al ACCACAGTCCATGCCATCAC; G3PDH reverse primer: TCCACCACCCTGTTGCTGTA. The expected sizes of products were 230 bp for p75 NTR and 400 bp for G3PDH. The PCR products were size-fractionated by 2% agarose gel electrophoresis.
Cell cycle analysis by propidium iodide (PI) staining
Free magnetic beads were washed away from the dishes with PBSÀ and adherent cells were trypsinized. Approximately 2 Â 10 4 live cells were analysed using the Cycle TEST PLUS DNA Reagent Kit as recommended by the supplier (Becton Dickinson Inc., San Jose, CA, USA). A FACScan was used for analysis and results were processed using Cell FIT software (Becton Dickinson Inc., San Jose, CA, USA).
Cell proliferation assays
A total of 1 Â 10 5 cells or 5 Â 10 4 cells from each fraction were plated in triplicate onto collagen IV-coated 6 or 3.5 cm plates for short-term and long-term culture, respectively. At 2-day intervals the medium was changed and cells were counted in a hemocytometer. For long-term cultivation, cells were maintained by 1 : 10 splits as they reached confluence.
Immunocytochemical staining
Cultured cells were fixed by 3.7% formaldehyde in PBS at room temperature for 30 min. Then immunocytochemistry was performed by the avidin-biotin complex method using Histofine SAB-PO kits (Nichirei Inc., Tokyo, Japan). For primary antibody, cells were incubated with the mouse antip75 NTR mAb (1 : 50 dilution) for 2 h at room temperature. The reaction product was visualized using a nickel-intensified 3,3 0 -diaminobenzidine reaction (Sigma, St Louis, MO, USA).
DiI labeling of p75
NTR -positive cells
Freshly fractionated p75 NTR -positive cells were seeded onto collagen IV-coated plates and cultured for 6 h. Adherent cells were then incubated with DiI (1,1 0 -dioctadecyl-3,3,3 0 ,3 0 -tetramethyl-indocarbocyanine perchlorate), a fluorescent carbocyanine dye (Molecular Probes Inc., Eugene, OR), at a concentration of 1 mg/ml in Hanks' balanced salt solution for 3 min at 371C, and then for an additional 15 min at 41C. After cultivation, DiI-labeled cells were detected by fluorescence microscopy using green light epi-illumination (520-570 nm).
